Abstract. We present the first results of a CO(2-1), (1-0), and 86 GHz SiO maser survey of AGB stars, selected by their weak near-infrared excess. Among the 65 sources of the present sample we find 10 objects with low CO outflow velocities, v exp < ∼ 5 km s −1 . Typically, these sources show (much) wider SiO maser features. Additionally, we get 5 sources with composite CO line profiles, i.e. a narrow feature is superimposed on a broader one, where both components are centered at the same stellar velocity. The gas mass-loss rates, outflow velocities and velocity structures suggested by these line profiles are compared with the results of hydrodynamical model calculations for dust forming molecular winds of pulsating AGB stars. The observations presented here give support to our recent low outflow-velocity models, in which only small amounts of dust are formed. Therefore, the wind generation in these models is dominated by stellar pulsation. We interpret the composite line profiles in terms of successive winds with different characteristics. Our hydrodynamical models, which show that the wind properties may be extremely sensitive to the stellar parameters, support such a scenario.
Introduction
It is well established, that stars of low and intermediate initial mass (0.8 M < ∼ M i < ∼ 6−8 M , Blöcker 1999), after central hydrogen and helium exhaustion, finally evolve through the Asymptotic Giant Branch (AGB) phase in the Hertzsprung-Russell diagram. During that phase, the stars become unstable against large amplitude pulsations (e.g., Ledoux & Walraven 1958; Ledoux 1958; Ostlie & Cox 1986) . Thereby, shock waves are injected into the stellar atmosphere which by dissipation of their momentum and energy lead to a substantial density enhancement of the atmospheric gas compared to a hydrostatic stratification (e.g., Wood 1979; Bowen 1988) . The resulting increased density in regions of comparably low temperatures provides favorable conditions for the formation of complex molecules and possibly even for the formation of small solid particles (dust grains), which, by their strong coupling to the stellar radiation field are able to drive a massive wind (e.g., Fleischer et al. 1992) . Therefore, pulsating AGB stars are often surrounded by dense circumstellar shells.
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The material in these shells, mainly molecular gas, is flowing outward with typical velocities in the range 10-30 km s −1 (e.g., Nyman et al. 1992) , causing the star to loose mass at typical rates in the range ∼10 −7 −∼10 −4 M yr −1 (e.g., Loup et al. 1993) .
Both, from theoretical considerations (e.g., Gail & Sedlmayr 1987; Dominik et al. 1990 ) and from observations (e.g., Epchtein et al. 1987; van der Veen & Habing 1988) it has been argued, that this mass-loss phenomenon could only exist above some minimum mass-loss rate of the order of 10 −7 M yr −1 and for luminosities exceeding a minimum value of the order of 10 4 L . However recently in the ISOGAL survey, Omont et al. (1999) have discovered a new population of AGB sources in the Bulge of our Galaxy with low mass-loss rates (∼10 −8 M yr −1 ) and low luminosities (∼3 × 10 3 L ).
During the last decade, a consistent theoretical description has been developed to model spherical, dust forming outflows from a molecular atmosphere excited by periodic pulsations (Fleischer et al. 1992 . This model accounts well for the observed properties of outflows from luminous red giants (e.g., Winters et al. 1994 Winters et al. , 1997 Winters et al. , 2000a . On its basis, we have explored systematically the dependence of the outflow characteristics on the stellar parameters (Winters et al. 2000b ). We find two dynamically different regimes for the spherical outflows: Models in the first regime, A, are characterized by outflow velocities in excess of 5 km s −1 , and mass-loss rates larger than 3 × 10 −7 M yr −1 . These winds are driven by radiation pressure on dust. Due to the strong, non-linear coupling of the dust component to the thermo-and hydrodynamical structure these models develop an instability which leads to an eigen-timescale of the shell resulting in an onion-like layered structure of the circumstellar shell Höfner et al. 1995) . The models in the second regime, B, produce low mass-loss rates,Ṁ < ∼ 3×10 −7 M yr −1 , at low outflow velocities, v exp < ∼ 5 km s −1 . These winds are produced, e.g., by low stellar luminosities. In these models due to the lower gas densities, only a small amount of dust forms, which translates to a lower dust-to-gas ratio. Therefore, pulsation becomes important in these models as a direct driving mechanism for the mass-loss which, together with radiation pressure on dust, generates a tenuous wind.
The separation of the winds into these two regimes is controlled by the value of the radiative acceleration in the sonic region of the wind. To establish a radiation driven wind, the ratio, α, between outward directed radiative force and inward directed gravitational force has to exceed unity. For a dust driven wind, this is the case in the dust formation zone, located at about 3 stellar radii in a region of comparably high densities, thus producing high mass-loss rates (models of type A). The models of type B stay below the critical value of α = 1 and, therefore, do not produce dust driven winds but require the additional momentum input provided by shock wave dissipation to produce a tenuous outflow. Since the value of α is determined by the stellar parameters, a star evolving along the AGB could change between both states, e.g., by increasing its luminosity or by decreasing its temperature it could move from region B to A, i.e. change from a low mass-loss rate state to a high massloss rate state, or vice versa.
From the observational side there are indications that some long-period variables may have indeed a low expansion velocity. Knapp et al. (1998) acquired CO rotational line spectra with a very good signal-to-noise ratio and found evidence for composite profiles with a narrow peak superimposed on a broader one. They interpret these profiles as resulting from 2 successive winds with different expansion velocities and different ages. The slow wind typically has a v exp ≤ 5 km s −1 and a mass-loss rateṀ ≤ 5 × 10 −7 M yr −1 . Young (1995) carried out a volume limited (d ≤ 500 pc) survey of Miras and found several sources with an expansion velocity ≤5 km s −1 . Finally, Kerschbaum et al. (1996) measured v exp = 1.9 km s −1 for the Semi-Regular (SR) variable L 2 Pup and found several other SRs with expansion velocities in the range 6 to 8 km s −1 . SiO 86 GHz maser observations of L 2 Pup show, that the photospheric material in this source is moving at a velocity of about 10 km s −1 (Haikala 1990; Haikala et al. 1994; Winters et al. 2002) , much higher than the terminal wind outflow velocity. The high photospheric velocities and simultaneously slow envelope expansion of L 2 Pup can be well explained by our low mass-loss rate models (Winters et al. 2002) . This conclusion is supported by independent evidence based on 11.7 and 17.9 µm images of the L 2 Pup circumstellar shell obtained with the Keck I telescope by Jura et al. (2002) , who also suggest that L 2 Pup could be taken as a prototype of red giants undergoing low mass-loss rates with low expansion velocities. Such low mass-loss rate AGB stars may have important implications for evaluating the mass injection rate into the Interstellar Medium (ISM), since current estimates of the massloss rate, e.g. for the ISOGAL sources, are based on infrared color indices, assuming a "standard" outflow velocity of 15 km s −1 . By such an approach, the derived mass-loss rate scales linearly with the (assumed) outflow velocity of the wind and inversely with the dust-to-gas mass ratio (e.g. Groenewegen 1997 ; . The mass-loss rate of objects like L 2 Pup therefore would be overestimated by at least a factor 5.
Our initial objective was to check whether there exist in nature objects with properties corresponding to those found for our B-type models, i.e. low outflow velocity in the wind, low mass-loss rate, and comparably high, time variable photospheric velocities. The dynamical structure which can be inferred for the L 2 Pup outflow already gave a positive hint. Our main goals are now to describe the characteristics of these low velocity, low mass-loss rate winds and to study the properties of the stars, in order to understand the mass-loss processes acting in these sources, and finally to evaluate the contribution of such objects to the replenishment of the ISM.
In order to achieve this task, we undertook a survey in the CO(J = 2−1) and (J = 1−0) rotational lines of nearby sources which show only a weak near-infrared excess. For part of the sample we also obtained 86 GHz SiO (v = 1, J = 2−1) maser observations. The selection of our sample is described in Sect. 2 and the observations are described in Sect. 3. We present our results in Sect. 4 and discuss their relation to the hydrodynamical models in Sect. 5. In Sect. 6 we present our conclusions.
Selection of the sample
We aimed to obtain CO rotational line spectra of dusty, low luminosity AGB stars to estimate their mass-loss rates and wind velocities and to compare them with the predictions of our hydro-models.
From the CO(1-0) survey of Nyman et al. (1992, their Fig. 3) , there is an indication that sources with low expansion velocities are found preferentially in the region II of the IRAS [12−25, 25−60] color diagram (van der Veen & Habing 1988) . This indicates that they correspond to circumstellar shells with small optical depth, a fact which agrees with our theoretical models. However the IRAS criterion is not selective enough because sources with low outflow velocity are still a minority in region II (see Fig. 3 in Nyman et al. 1992 ).
Earlier we had performed a survey of bright sources at 2 µm in the southern galactic plane ("Valinhos survey") and obtained for ∼630 objects JHKLM photometry with the ESO 1-m telescope (Epchtein et al. 1987) . Most of these sources were also detected by IRAS. The combination of all these data allows a classification (a, b, c, etc.) of ∼560 bright 2 µm stellar sources. The class "b" contains ∼230 sources with a weak near-infrared excess as compared with the IRAS fluxes (K−L ∼ 0.5, L −[12] ∼ 1.3). The properties of the "b" sources which have been optically identified (∼40) fit well those of long-period variables with low expansion velocities (see Young 1995; Kerschbaum et al. 1996; Knapp et al. 1998 ) and those expected from our theoretical models.
In the present project, we reassess the sources belonging to the Nyman et al. sample and for which we have obtained JHKLM photometry (Fouqué et al. 1992 ) which allows to classify them in the "b" type. This selection gives 165 sources of which only 17 had been detected in CO(1-0) by Nyman et al. (1992) at the SEST. These detections were used to validate our approach. Still, we kept these 17 sources in our sample in order to obtain CO(1-0) spectra with higher signal to noise ratio using the new SEST receivers, and also to obtain CO(2-1) data. Additionally, we obtained data for 40 sources with the IRAM 30 m telescope. Therefore, we expect a much higher detection rate than in the former observations by Nyman et al. (1992) . In fact, of the 23 sources detected with the SEST in the current survey, 20 objects were detected also in the (1-0) line, but for some of them the (1-0) detection could only be ascertained by the (2-1) spectrum evaluation. All sources are at δ < +20
• , |b II | ≥ 5
• and have a F 25 µm > 20 Jy. The first limit comes from the Fouqué et al. sample, which has been observed from La Silla. The second limit ensures a limited contamination by interstellar emission lines and the third one favors nearby and/or bright sources which should be more easily detected.
At the present stage of our program, 65 sources, out of 165, have been observed (Sect. 3, Table 1 ), of which 59 have been detected in CO(2-1) ( Table 2) .
Observations
We observed 25 sources (19 M-stars, 2 C-stars, 2 S-stars, and 2 of unknown chemical type) with the SEST in CO(2-1) and CO(1-0), of which 23 were detected in CO(2-1) and 20 in CO(1-0). The Mira KK Car was not detected and the (2-1) spectrum of CC Ind showed two possible lines at v lsr = −20.5 km s −1 and 64 km s −1 but with a low signal-to-noise ratio (see Fig. 24 ). The results on L 2 Pup have already been reported in Winters et al. (2002) . The data were obtained in two runs, on September 28/29, 2001 and on May 15/17, 2002. We used SIS receivers at 230 GHz and 115 GHz and typical system temperatures above the atmosphere were 300 and 500 K, respectively. The beam width of the telescope is 50 at 3 mm and 23 at 1.3 mm. The observations were done in a dual beam switch mode with a beam throw of 11.5 . The intensities reported here are given in main beam brightness temperature, T mb , which is the chopper wheel corrected antenna temperature, T * A , divided by the main beam efficiency, η mb . The main beam efficiency is 0.7 and 0.5 at 3 mm and 1.3 mm, respectively. Three acousto optical spectrometers were used simultaneously, one high resolution (HRS) with a bandwidth of 86 MHz, a channel separation of 43 kHz, and a resolution of 80 kHz, the other two are low resolution spectrometers (LRS) with bandwidths of about 1 GHz, channel separations of 0.7 MHz, and resolutions of 1.4 MHz. As compared to Nyman et al. (1992) , our detection rate is higher because the system has been improved and because the sources are brighter in CO(2-1) than in CO(1-0); 12 sources which then were not detected have now clearly been detected with the SEST. In most cases, we have observed the sources in our SEST sample only in CO(2-1) and (1-0); the two exceptions are L 2 Pup and o Ceti which have been observed also in SiO at 86 GHz (v = 1, J = 2−1) with the HRS mode.
With the IRAM 30 m telescope, simultaneous observations of CO(2-1) and (1-0) emission and SiO maser emission at 86 GHz were performed in the flexible observing mode by various observers for 40 sources (39 O-rich, 1 unknown) in December 2001 and in March, October, and December 2002. 36 of these sources were detected in the CO(2-1) line and 25 in the SiO maser line. The CO non-detections are SU Eri, S Crt, V1293 Aql, and (possibly due to instrument problems) V533 Oph. At IRAM, SIS receivers have been used with a lowresolution filter bank (resolution 1 MHz, bandwidth 0.5 GHz) and a high-resolution filter bank (resolution 100 kHz, bandwidth 25.3 MHz) for the CO(2-1) line, and an autocorrelator for the CO(1-0) and the SiO 86 GHz line (used at a resolution of 80 kHz with a bandwidth of 140 MHz). Typical system temperatures (on the main-beam brightness scale) were 130 K at 86 GHz, 450 K at 115 GHz, and 600 K at 230 GHz and the beam-widths (FWHM) are 28 at 86 GHz, 21 at 115 GHz, and 11 at 230 GHz, respectively. For the observations performed in October and December 2002, the VESPA autocorrelator has been used to obtain CO(2-1) high resolution spectra (resolution 40 kHz, bandwidth 140 MHz) and for the CO(1-0) and SiO lines (resolution 40 kHz, bandwidth 70 MHz).
The observations at the IRAM 30 m telescope were done in wobbler switching mode with a beam throw of 60 . The mainbeam brightness temperatures reported here were calculated by multiplying the observed antenna temperature by the ratio of the forward to main beam efficiency, which is 1.26 at 86 GHz, 1.67 at 115 GHz, and 2.05 at 230 GHz. The SiO maser intensities are converted to fluxes by multiplying the antenna temperature by a factor 5.9 Jy K −1 . All observed sources of our sample (65) are listed in Table 1 . All those (62), which have been optically identified are long-period variables of late spectral type (M, S, C). Two of the unidentified sources (IRAS 20359−3806 and IRAS 21368−3812) are likely to be oxygen-rich (their IRAS LRS class is 21). The observational results are given in Table 2 , which also contains in the fifth column the detection limit for each spectrum.
Results
For all objects in our sample which were detected in CO, we obtained at least (2-1) spectra since the (2-1) line, due to beam filling and optical depth effects, is brighter than the (1-0) line, usually by more than a factor 2 (see Fig. 3 ; the exception is RZ Sgr with an intensity ratio of only 1.48). There are 7 sources (ZZ Ari, V352 Ori, GL Mon, Z Cnc, RT Hya, RT Cnc, V Aqr) which have been observed at IRAM and which have not been detected in the (1-0) line, in our SEST sample we have 3 such sources (X Hor, TV Sco, and CC Ind). Because of the higher line intensity, the S/N ratio of the (2-1) spectra is usually higher than for the (1-0) observations. Also, for most of our objects we obtained high resolution spectra in (2-1). Therefore, we (Feast 1996; Groenewegen & Whitelock 1996) ; distance 3 : L assumed to be 6000 L .
determine the mass-loss rates and outflow velocities from the (2-1) observations for all our sources. Some of the sources have been observed at different epochs. In these cases, we usually find strong temporal variations in the SiO maser profile if it has been detected for the respective source (see Table 2 and, e.g., Fig. 18 ). On the other hand, we don't see indications for temporal variations in the CO profiles. It should be noted however, that observations were repeated only, if the initial CO data were of insufficient quality for our purposes.
Distances and luminosities
For determining mass-loss rates by standard methods using CO rotational lines we need to know the distance to the object. For 24 sources of our sample there exist reasonably well determined Hipparcos parallaxes. For these objects, we give an estimate of the stellar luminosity in Table 1 , which is derived from the objects' K magnitude (taken from Fouqué et al. 1992 ) and the bolometric correction in the K-band, BC K , given in Le . For two sources (X TrA and S Pav) the luminosity (∼25 000 L ) derived by this method seems to be largely overestimated (see Fig. 1 ). Variability types and periods reported in Table 1 are generally taken from the SIMBAD database (source: Kholopov et al. 1985 (GCVS) ). However, we adopt the values given by Lebzelter & Hinkle (2002) for AY Vir, AF Leo, V988 Oph, V352 Ori, RW Vir, FZ Hya, BK Vir, and EP Aqr.
Nine of our sources without a parallax are classified as Miras with known periods, of which 8 have a period longer than 150 d, and 6 of the SRb variables without a parallax have a period longer than 150 d. In these cases we have used the period-luminosity relations by Feast (1996) for M-Miras and S-stars and the P-L relation given by Groenewegen & Whitelock (1996) for C-stars to derive the luminosity. The distance is then determined from the bolometric correction in the K-band given in Le .
The application of a period-luminosity relation to SRs is a matter of debate. We apply here to SRbs the periodluminosity relation proposed by Feast (1996) for O-rich Miras and by Groenewegen & Whitelock (1996) for C-rich Miras, respectively. Combining DENIS and EROS data Cioni et al. (2003) find a relation for SRbs in the LMC which runs parallel to the Feast relation (their Figs. 5 and 6). Knapp et al. (2003) use Hipparcos parallaxes to investigate longperiod variables in the nearby regions of the Galaxy. They find relations for both Miras and SRbs. Their Mira relation agrees with that of Feast (1996) but the SRb relation is much shallower and, moreover, has only a small correlation coefficient.
The Mira R Hya has a very uncertain Hipparcos parallax which nevertheless gives a lower limit for the distance (d > 250 pc). The distance (d = 125 pc) derived here from the P-L relation is lower than that, a discrepancy that was already noted by Knapp et al. (1998) .
The average luminosity of the objects in our sample which have a relatively well determined Hipparcos parallax (excluding X TrA and S Pav) is 6700 ± 2900 L while the average luminosity derived from the P-L relation is 6100 ± 2100 L (see Fig. 1 ). Both mean values are in reasonable agreement. Although the luminosities of individual objects are obviously uncertain, we believe that the range 4000−8000 L should be correct for most sources in our sample. Therefore, we adopt for the other sources of our sample (26) a luminosity of 6000 L and again derive their distances from the K magnitude and the bolometric correction BC K based on the K − L index as given in Le Bertre et al. (2001) .
Velocities
To obtain the required values (expansion velocity v exp and peak main-beam brightness temperature T mb ), we fitted a parabola to the line profiles (after a linear baseline was subtracted)
where v (= v lsr ) is the stellar velocity.
We have in our sample 5 sources (SV Psc, RAFGL 292, o Cet, R Hya, EP Aqr) out of 59 detected in CO(2-1), which clearly show composite CO profiles (see Sect. 4.5.1, e.g., Fig. 11 ). In those cases, we determined the mass-loss rates and the outflow velocities by independent fits to each line component. Table 2 . Observational results. In general, there are two entries per source, referring to the CO(2-1) and (1-0) line, respectively. If the source shows a composite CO profile, two entries are listed for each line (i.e. one entry for each component). For CO(2-1), the values refer to the high-resolution spectrum when it has been obtained. The column "SiO" gives a label about the detection (Y) / non-detection (N) in this work of the 86 GHz maser line, "-" means, that we did not observe the line. In the comments column, "D" means "double wind", "P": parabolic profile, "R": rectangular profile, "A": asymmetric profile, "2p": double-peaked profile. The temperatures (T mb ), velocities (v and v exp , determined at zero intensity level), the rms noise, as well as the integrated intensities derived from both, the CO(2-1) and (1-0) line, are listed in Table 2 . The values given for the CO(2-1) line refer to the high resolution spectra whenever available, the exceptions are marked in the comments column of Table 2 . The integrated intensities were determined by integrating the observed spectra in the range
IRAS name
Figure 2 displays a histogram of the velocity distribution (derived from the (2-1) lines) of our sample both, for the single winds only (solid line) and including all wind components (dashed line). About 45% of the single winds (54 sources) have velocities below 8 km s −1 , 10 single winds (19%) have v exp ≤ 5 km s −1 , 33 sources (61%) have 5 km s −1 < v exp ≤ 10 km s −1 , and we have only 11 single-wind sources (20%) with v exp ≥ 10 km s −1 . These numbers confirm, that the selection criteria used to set up our sample were appropriate for our purpose. The lowest values of v exp are found from the narrow CO line components of EP Aqr, SV Psc, and o Cet, which indicate a velocity of only about 1.5 km s −1 (the broad component gives 7 km s −1 for o Cet and 11 km s −1 for EP Aqr and SV Psc).
Mass-loss rates
We use the expressions given by Loup et al. (1993) (scaled to the diameter of the telescope used) to evaluate both, the massloss rates and the CO photo-dissociation radii. This method is based on an approximate equation for the mass-loss rate, which represents the results obtained by Knapp & Morris (1985) for the CO(1-0) line and on the CO photo-dissociation radii derived by Mamon et al. (1988) . Unfortunately, no equivalent representation for the mass-loss rate has been published so far for the CO(2-1) transition. Therefore, we re-scale the Knapp & Morris expression by a factor T (2−1) mb / T
(1−0) mb , which accounts for the average ratio of the peak main-beam brightness temperatures of the (2-1) and (1-0) line (see, e.g., Olofsson et al. 1993 ). Thus, we are using our (1-0) spectra only (if (2-1) data have been obtained), to determine the average peakintensity ratio. In our sample observed with the SEST, we have 19 sources with (1-0) and (2-1) profiles. (The 20th. source, R Hya, which has a composite (2-1) profile is excluded here, since the resolution of the (1-0) line doesn't allow to (1−0) mb = 3.62 ± 1.95. If we exclude L 2 Pup, we get an average peak main-beam brightness temperature ratio of 3.28 ± 1.27, i.e. a strongly reduced standard deviation. At IRAM, we got 31 sources with (1-0) and (2-1) profiles (filled squares in Fig. 3 ), their average intensity ratio is T (2−1) mb / T
(1−0) mb = 3.97 ± 1.27. The mean value of the intensity ratio between IRAM and SEST observations, weighted by the respective number of sources, is 3.84 ± 1.53. If we exclude L 2 Pup, the weighted mean is 3.72 ± 1.27. To re-scale the Knapp & Morris expression, we therefore use an intensity ratio of 4 for all sources. We checked, that there is no trend of the intensity ratio with outflow velocity (see Fig. 3 ).
To convert the CO mass-loss rates to gas (hydrogen) massloss rates, we assume a CO/H 2 ratio of 2 × 10 −4 for M-and S-stars and 1 × 10 −3 for C-stars (Schöier & Olofsson 2001) . The resulting mass-loss rates and CO dissociation radii are listed in Table 2 both, for the CO(2-1) and (1-0) lines.
Discussion of the derived mass-loss rates and expansion velocities
Recently, Olofsson and co-workers have investigated the massloss properties of a sample of bright carbon stars (Schöier & Olofsson 2001 ) and irregular and semiregular M-type variables on the basis of a radiative transfer model for the circumstellar CO radio line emission. In order to derive the mass-loss rate of an individual object, they take into account several CO transitions (if available, (1-0), (2-1), (3-2), and (4-3)) and minimize the deviation between the velocity integrated line intensity in the model profiles and in the observed profiles. They conclude, that their detailed modeling results in mass-loss rates which are on average ten times higher than the mass-loss rates derived from the Knapp & Morris (1985) and the Kastner (1992) expressions, at least for the low mass-loss rate objects in their sample.
In Fig. 4 we present a comparison between the mass-loss rates derived in this work from the (2-1) line with the mass-loss rates derived by Schöier & Olofsson (2001) and Olofsson et al. (2002) for the 12 (single wind) objects in common to our samples. For this comparison, we used their distances to calculate the mass-loss rates by the Loup et al. (1993) method applied in the present work. From Fig. 4 it can be seen, that the mass-loss rates derived here (assuming the same distances) are systematically higher than the Olofsson et al. estimate by an average factor 3.5 ± 1.4. There is no discernible trend with mass-loss rate, at least not in the range of mass-loss rates relevant for the present work.
Another difference found between our work and that of Olofsson et al. concerns the derived expansion velocities. We determine the velocity by simply fitting a parabola to the line profile, whereas Olofsson et al. derive it from the model fits, including the effect of turbulent line broadening by an assumed constant turbulence velocity of 0.5 km s −1 . The velocities reported here agree well with those of Kerschbaum & Olofsson (1999) (who use the same method as we do), but are on average higher by 0.84 km s −1 than those derived by Schöier & Olofsson (2001) and Olofsson et al. (2002) . This seems to be a constant offset, independent of the velocity itself (see Fig. 5 ; there are only 11 data points, because the 2 C-rich objects, X TrA and Y Pav, have the same velocity of 8 km s −1 (Schöier & Olofsson 2001 ) and 8.5 km s −1 (present work), respectively). The model of Schöier & Olofsson (2001) and Olofsson et al. (2002) makes however some standard assumptions, like a constant mass-loss rate and a constant turbulence velocity, which may not be justified. Kemper (2002) demonstrates, that including even higher CO transitions than (4−3) (they use lines up to (7−6)) leads to the conclusion of either temporal massloss variations by factors of 2 to 10 on time scales of a few (2001) and Olofsson et al. (2002) , respectively, vs. those derived in the present work for the 12 (single wind) objects in common to our samples (filled triangles).
hundred to a thousand years or of a non-constant turbulence velocity, or both of these effects. Kemper (2002) also demonstrates, that the value assumed for the (constant) turbulence velocity strongly affects the calculated main-beam brightness temperature (see her Fig. 7.8 ) and thus the integrated line intensity.
Given this intricate situation, we will keep here to our simple approach to derive mass-loss rates and gas expansion velocities and note, that our mass-loss rates can be scaled to the ones found by Olofsson et al. by dividing them by a factor 3.5 (for the same distance, of course) and that our outflow velocities are on average higher by 0.84 km s −1 than the ones found by Olofsson et al. (2002) . As these differences are systematic, the comparison with our models should be performed at a qualitative level. This situation will stay as long as there is no convergence on a unique and reliable method to derive mass loss rates from CO rotational line profiles.
Non-standard line profiles 4.5.1. Composite profiles
In our sample, we have 5 objects which clearly show composite CO profiles, i.e. a narrow component is superimposed on a broader one while both components are centered on the same stellar velocity. This type of profiles has been discussed extensively by Knapp et al. (1998) who interpret them in terms of two successive winds with different mass-loss rates and outflow velocities, emanating from the same star. Another scenario to explain narrow CO profiles has been pushed forward in a series of papers by Jura and Kahane and is summarized in Jura & Kahane (1999) . For four objects (Red Rectangle, BM Gem, EU And, and AC Her) they find narrow CO profiles (FWHM < 2.5 km s −1 ) which they interpret in terms of molecular gas orbiting the star in a circumstellar disk in Keplerian rotation. While this scenario seems plausible for cases with a very narrow component (FWHM ≈ 2 km s −1 ) (e.g., Red Rectangle, BM Gem), it seems questionable, whether it also applies to sources where the narrow component indicates a velocity of several km s −1 . In one case, X Her, Kahane & Jura (1996) find a composite CO profile, where the narrow component indicates a velocity of 2.5 km s −1 and the broad one a velocity of 10 km s −1 . In this case, the intensity contours of the blue and red wings of the "high-velocity" component are symmetrically displaced from the peak position of the slow component. Kahane & Jura (1996) interpret this observation in terms of a slow, spherical wind responsible for the narrow line component and a non-spherical ("bipolar") outflow which produces the broad component of the line profile. In the following, we will adopt the double-wind interpretation of Knapp et al. (1998) and give some support to this interpretation based on our model calculations (see also Sect. 5); of course, this interpretation does not preclude that one or both winds may show moderate deviations from spherical symmetry. IRAS 01438+1850 (≡SV Psc): CO(2-1) observations of this source have previously been presented by Kerschbaum & Olofsson (1999) whereas Kerschbaum et al. (1996) did not detect the CO(1-0) line in this source. In Fig. 6 we present our observations in the CO(2-1) and (1-0) lines and in the SiO 86 GHz maser. Both, in the CO(1-0) and (2-1) lines we find clear composite profiles, indicating velocities of about 2 km s −1 and 11 km s −1 , respectively, and yielding mass-loss rates of 1 × 10 −7 M yr −1 and 1 × 10 we only had a tentative detection) and it suggests velocities of (at least) ±5 km s −1 w.r.t. the star, significantly higher than the velocity of the narrow CO components. IRAS 02000+0726 (≡RAFGL 292) was detected here for the first time in CO and in the SiO 86 GHz line. It shows a triangular profile both, in the CO(2-1) and (1-0) line (Fig. 7) . Also shown is a fit to the CO profile, assuming two independent wind components. The SiO maser indicates higher velocities than those derived from the broad CO line profile. Knapp et al. (1998) demonstrate, that such triangular profiles can be the result of two successive spherical winds which are expanding at different velocities (see their Fig. 2.a) . Adopting the same interpretation for our CO observations of RAFGL 292, we fitted two independent parabolas to each, the CO(2-1) and (1-0) profiles, see Fig. 7 . The resulting values for the outflow velocities and mass-loss rates for both wind components are listed in Table 2 . The derived properties for both winds are again typical for our B-type and A-type models, respectively.
The triangular shape of the measured profile is similar to the one of IRC +60144 (a carbon star) which has been obtained by Knapp et al. (1998) and interpreted as a double wind. However, that profile is about a factor 2 wider in both components (v broad = 20.5 km s −1 , v narrow = 5.6 km s −1 ) than the profile of RAFGL 292. In Fig. 8 , the SiO 86 GHz maser is shown for the two epochs of our observations of this star, showing clear time variability. Also, the maser line indicates higher velocities than those derived from the narrow CO components, a configuration reminiscent of L 2 Pup (see Winters et al. 2002) .
IRAS 02168−0312 (≡Mira ≡ o Cet): An asymmetric composite profile of the CO(3-2) line with a strong blue shifted emission component has previously been presented by Knapp et al. (1998) , who interpret it in terms of double winds. In Fig. 9 we present our observations of the CO(2-1) line and of the SiO 86 GHz profile. A clear asymmetry of the CO profile can be seen, with a pronounced bump to the left of the stellar velocity. This shape is very similar to the (3-2) profile displayed in Knapp et al. (1998) . Superposed on our CO(2-1) observation is a fit to the profile assuming two wind components, the respective outflow velocities and mass-loss rates are listed in Table 2 . The SiO maser line shown in the lower panel of Fig. 9 indicates a maximum velocity of about 8 km s −1 w.r.t. the star, higher than the outflow velocity of 7 km s −1 derived for the broad CO component. From detailed Monte-Carlo radiative transfer calculations, Ryde & Schöier (2001) find that the asymmetric shape of the CO rotational lines can be reasonably well explained by self-absorption in a single, spherically symmetric wind with constant mass-loss rate and a turbulent velocity of v t = 1.5 km s −1 . However, to model the low excitation ro-vibrational infrared lines in the CO fundamental band, they are led to invoke an inner cavity of the circumstellar shell, devoid of CO, which extends out to 2.5 × 10 15 cm (corresponding to 53 stellar radii). Several reasons for the existence of such a cavity are proposed by Ryde & Schöier, one of them being a reduction of the mass-loss rate and outflow velocity, resembling the double wind interpretation by Knapp et al. (1998) . Nevertheless, the values for the properties of the two winds derived here from our simple, symmetric, two-component parabolic fit to the asymmetric profile of o Cet should be handled with care. A different interpretation for the asymmetric line profile has been proposed by Josselin et al. (2000) , who argue on the basis of CO(2-1) mapping observations and KI long-slit spectroscopy for a spherical envelope which is disrupted by a slow bipolar outflow.
IRAS 13269−2301 (≡R Hya) also shows an asymmetric CO(2-1) profile (see Fig. 10 ) with a blue-shifted emission component, very similar to the CO(3-2) profile presented by Knapp et al. (1998) . They interpret the profile in terms of a double wind and derive velocities of v narrow = 5 km s −1 , v broad = 11 km s −1 and mass-loss rates oḟ M narrow = 7.3 × 10 −8 M yr −1 andṀ broad = 4.7 × 10 −7 M yr −1 . The corresponding results of our fit are listed in Table 2 and are in good agreement with the Knapp et al. values (if we assume their distance of 200 pc and their CO/H 2 ratio of 5 × 10 −4 , we getṀ narrow = 9.9 × 10 −8 M yr −1 anḋ M broad = 3.9 × 10 −7 M yr −1 ). The interpretation of the CO line profiles in terms of a double wind for this source seems to be supported by spatially resolved IRAS observations presented and discussed in Hashimoto et al. (1998) . They find indications for a detached circumstellar dust envelope around R Hya, with a radius of about 3 arcmin. According to their analysis, the mass-loss rate of R Hya has dropped about a hundred years ago, suggesting that R Hya experienced already at least one major variation in its mass-loss. The 2 winds suggested by the CO line profiles however, should both reside inside the detached shell detected by Hashimoto et al. (1998) since the CO photo-dissociation radius derived here (see Table 2 ) would correspond to only about 18 arcsec at a distance of 125 pc. R Hya may therefore represent a case similar to RS Cnc, for which the IRAS data indicate an excess at 60 µm ascribed to a detached shell (Young et al. 1993a ) while the CO lines (Knapp et al. 1998 ) and the HI line (Gérard & Le Bertre 2003) indicate 2 winds.
IRAS 21439−0226 (≡EP Aqr) shows a rather symmetric composite profile in the CO(1-0) and (2-1) lines (see Fig. 11 ) as well as in the (3-2) line (see Knapp et al. 1998) . It also shows a strong SiO maser which indicates velocities in excess of the velocity traced by the narrow CO component. The 86 GHz SiO maser has been detected by Haikala et al. (1994) , although with a much lower S/N ratio. Composite CO(3-2) and (2-1) profiles were presented by Knapp et al. (1998) and mass-loss rates ofṀ broad = 2.3 × 10 −7 M yr −1 anḋ M narrow = 1.7 × 10 −8 M yr −1 . A composite CO(1-0) profile was previously presented by Margulis et al. (1990) and later by Kerschbaum & Olofsson (1999) . This source was found to be extended from IRAS data (Young et al. 1993b) , indicating some major variation in mass-loss some 5000 yr ago which, as in the case of R Hya, seems to support the double wind interpretation of the CO line profiles.
Narrow profiles
We have in our sample 10 objects, whose (one component) CO line profiles indicate wind velocities v exp ≤ 5 km s −1 . Since these objects are of particular relevance for us in the context of our low mass-loss rate models, all of them will be addressed in this section.
IRAS 02455+1718 (≡T Ari): This source shows narrow, rectangular CO profiles (see Fig. 12 , a (2-1) profile obtained with the SEST is shown in Kerschbaum & Olofsson 1999) . T Ari is a semiregular variable of type SRa, for which a uniform-disk diameter of Φ UD = 7.08 ± 0.13 mas and a stellar temperature of T eff = 3080 ± 45 K has been determined from lunar occultation and from infrared photometry (yielding a bolometric flux of 1.579 × 10 −6 erg cm 2 s −1 ) (Richichi et al. 1999) . Combining this with the measured Hipparcos parallax, we find a linear stellar radius of 1.71 × 10 13 cm and a luminosity of 5120 L , in reasonable agreement with the luminosity derived by the bolometric correction (see Table 1 ). The outflow velocity and mass-loss rate derived from the CO line profiles (see Table 2 ) are in good agreement with our low mass-loss rate B-type models. The SiO maser indicates photospheric velocities in excess of the terminal wind speed as derived from the CO profiles, again in good agreement with the hydrodynamic structure of the B-type models (see also Sect. 5). IRAS 06333−0520 (≡GL Mon): We obtained a narrow CO(2-1) profile (see Fig. 13 ), whereas neither CO(1-0) nor the SiO 86 GHz maser were detected. The outflow velocity and mass-loss rate derived from the CO(2-1) profile fit well the properties of the B-type models. Our observation is probably a first detection, Kerschbaum & Olofsson (1999) did not detect this source in CO with the SEST.
IRAS 07120−4433 (≡L 2 Pup): Our observations of this source were already discussed in detail in Winters et al. (2002) . It shows narrow CO(2-1) and (1-0) line profiles indicating an outflow velocity of the material in the circumstellar shell of only about 3 km s −1 and a broad SiO maser feature at 86 GHz, indicating an outward velocity of the material close to the stellar photosphere of at least 10 km s −1 . This led us to consider L 2 Pup as a prototype for our B-type models, a conclusion reached independently by Jura et al. (2002) . Very recently, González Delgado et al. (2003) presented thermal SiO(J = 2−1) and (3-2) line profiles for this source. The width of the dominating line component agrees well with that of the CO lines, but the thermal SiO lines (notably the (3-2) line) also show extended line wings, indicating velocities up to ∼5 km s −1 , intermediate between the CO and SiO-maser velocities. This would be in agreement with our B-type models, if the wings of the thermal SiO lines are formed in the transition region between the outer atmosphere and the inner circumstellar shell which, in the models, is located at around 2−3 stellar radii.
IRAS 07299+0825 (≡S CMi) shows narrow CO lines and a strong and broad SiO maser (see Fig. 14) , indicating velocities in excess of the terminal outflow velocity probed by the CO lines. This is similar to the case of L 2 Pup, although the velocity difference is much less spectacular here. SiO velocities higher than the CO velocities for this source have already been noted by Cernicharo et al. (1997) and Herpin et al (1998) , see Sect. 4.5.4. The wind properties derived here for S CMi (see Table 2 ) are in good agreement with the characteristics of our B-type models. IRAS 08236−0444 is detected here for the first time in CO. The profiles indicate an outflow velocity of about 5 km s −1 (see Fig. 15 and Table 2 ) and the derived mass-loss rate would place it in the border region between A-type and B-type models. From our data, one could speculate that a SiO maser is also present, but this needs to be confirmed by further observations. IRAS 08272−0609 (≡RT Hya) exhibits a strong, time variable SiO maser and a narrow, rectangular CO(2-1) profile (see Fig. 16 ). At least in our first observation, the velocity indicated by the SiO maser exceeds the CO velocity. We did not detect the CO(1-0) line. The wind properties derived here (see Table 2 ) correspond to the B-type models. To our knowledge, this source is here detected for the first time in CO and in the SiO maser; it was searched for but not detected at 86 GHz (Patel et al. 1992 ) at a noise level of 4.8 Jy nor at 43 GHz (Hall et al. 1990 ) with a sensitivity of 6.3 Jy.
IRAS 08372−0924 (≡RV Hya) was detected here, to our knowledge, for the first time in CO(2-1) where it shows a narrow profile (see Fig. 17 ). We did neither detect it in CO(1-0) at a noise level of 0.065 K (T mb ) nor in the 86 GHz SiO maser line at an rms noise of 0.098 Jy. IRAS 13492-0325 (≡AY Vir) shows a rather narrow CO profile and a broad SiO maser line (see Fig. 18 ), indicating that the material close to the star moves at much higher velocity (≈10 km s −1 ) than the material in the circumstellar shell (≈4.5 km s −1 ). This velocity structure appears to be very similar to the one found in L 2 Pup (Winters et al. 2002) . Both sources are of type SRb and both have similar periods. Also in both sources the SiO maser is highly time variable (cf. 2nd and 3rd panel in Fig. 18) . From the CO line we estimate the mass-loss rate to ∼3.5 × 10 −7 M yr −1 (cf. Crocker & Hagen (1983) , indicating a velocity of about 3 km s −1 . Engels et al. (1988) found a secondary feature in the line profile, suggesting that the H 2 O maser in this source shows some time variability. Both, the velocity structure as probed by the SiO 86 GHz maser, the 22 GHz H 2 O maser and the CO rotational lines and the mass-loss rate are in agreement with the properties of our B-type models (see also Sect. 5).
IRAS 20443+0215 (≡V Aqr) shows a narrow CO(2-1) profile (we did not detect this source in the (1-0) line) and a strongly variable SiO maser, see Fig. 19 . Our CO and SiO observations seem to be first detections in this source. The wind properties derived from the CO profile (see Table 2 ) agree well with those expected from our low mass-loss rate (B-type) models.
IRAS 23041+1016 (≡R Peg) displays a narrow, rectangular CO(2-1) profile, see Fig. 20 . We also obtained a rather noisy 115 GHz spectrum in which we tentatively identify the presence of a CO(1-0) line. R Peg has a strong SiO maser which indicates photospheric velocities in excess of the outflow velocity derived from the CO profile. The wind properties derived from the (2-1) line would correspond to an A-type model close to the border of the B-regime. 
Other types
IRAS 13114−0232 (≡SW Vir): Our observations of the CO(2-1), (1-0), and of the SiO 86 GHz maser are shown in Fig. 21 . The CO profiles display an asymmetric double-peaked shape with enhanced red-shifted emission. This line shape has been well fit by Kahane & Jura (1994) with a spherical model and assuming a micro-turbulence velocity of 2 km s −1 . The asymmetry with reduced emission in the blue wing of the profile can be explained by self-absorption (see Nguyen-Q-Rieu et al. 1984; Morris et al. 1985) . The wind properties derived here for this source are typical of an A-type model. IRAS 15223-0203 (≡OV Ser) was detected here for the first time in CO. The spectra display double-peaked CO profiles, which in this source are rather symmetric (Fig. 22) . We did not detect an 86 GHz SiO maser. The wind properties derived here correspond to those of our A-type models.
IRAS 22196-4612 (≡π 1 Gru): Our observations of this source are presented in Fig. 23 . The profiles show an asymmetric, double-peaked structure and extended emission wings. Mapping data in CO(2-1) and (1-0) as well as a 13 CO(1-0) profile have already been presented and discussed by Sahai (1992) . He interprets these observations in terms of a fast bipolar outflow oriented perpendicular to a dense equatorial disk, embedded in a slow, extended outflow. Later, this object has been re-discussed by Knapp et al. (1999) on the basis of CO(2-1) and SiO(6-5) data. From a broad-band CO(2-1) profile they find velocities up to ≈90 km s −1 w.r.t. the star whereas the SiO profile is fit by a parabola, resulting in an outflow velocity of 13 km s −1 . From a CO(2-1) map covering ±50 in right ascension and declination around the star they find, that the horns in the profile arise from different locations in the sky, separated by 10 in north-south direction. Knapp et al. (1999) interpret these findings in terms of an expanding disk of radius 5 × 10 16 cm and thickness 10 16 cm, inclined by 55
• to the line of sight, from which the bulk of the CO emission arises. In their model, the northern part of the disk is tilted away from the observer, it is produced by a constant mass-loss rate of 1.2 × 10 −6 M yr −1 and is expanding in the plane of the disk with a velocity of 13 ± 2 km s −1 which agrees well with the outflow velocity of the gas in the dense inner region as observed in the SiO(6−5) line. Knapp et al. (1999) do not model the high velocity wind but suggest, that it should arise from the regions toward the poles of the disk. From 60 µm emission, Young et al. (1993b) derive an extent of the dust envelope of ∼7 × 10 17 cm and give a mass-loss rate of ∼8 × 10
(both values are scaled to the Hipparcos distance of 153 pc). The disk and the bipolar high velocity outflow, therefore, may be embedded in a roughly spherical outer shell. The presence of these 3 sources in our sample, particularly IRAS 22196-4612, shows that our selection criterion (Valinhos "b" type) is not strict enough to isolate outflows with low velocity and low mass-loss rate.
IRAS 23134−7031 (≡CC Ind): For this source, we found two possible lines at v lsr = −20 km s −1 and +64 km s −1 (see Fig. 24 ) in the CO(2-1) spectrum and we did not detect a line in the CO(1-0) spectrum. This source was searched for 86 GHz SiO maser emission by Haikala (1990) , but was not detected. Since the radial velocity of CC Ind seems to be presently unknown, we did not use either line in our analysis presented here. Still, the hypothetical wind properties derived from both lines would place the source into the B-regime (see Table 2 ). From Hipparcos epoch photometry the star was found to be a possible periodic variable with a period P = 241 d (Koen & Eyer 2002, their Table 5 , CC Ind ≡ HIP 114917).
SiO velocities higher than CO velocities
SiO maser emission at velocities higher than the velocity indicated by the CO(2-1) rotational lines has previously been reported by Cernicharo et al. (1997) and Herpin et al. (1998) . In particular, Herpin et al. (1998) find that for the 17 sources of their sample for which they obtained time resolved data, the SiO velocities correlate well with the optical phase of the star, suggesting a connection to the stellar pulsation. This is in excellent agreement with the expectations from our models. In their sample however, the ratio between the SiO velocity width and the full width of the CO line reaches a maximum of only about 1.4 (for S CMi, for which they measure a CO velocity of 3.6 km s −1 ). Also, the high velocity SiO wings in their sample are by about (at least) a factor of ten weaker than the bulk of the SiO emission. This is quite different in L 2 Pup and AY Vir, where the widths of the SiO and CO lines differ by more than a factor of two and where the strength of the high-velocity SiO emission is comparable to the main feature.
Discussion
Hydrodynamic models describing pulsating, dust forming circumstellar shells around cool red giant stars have been developed, which include a consistent physical description and numerical modeling of the mutual coupling among hydrodynamics, thermodynamics, chemistry, dust formation and radiative transfer (Fleischer et al. 1992; Winters et al. 1997) . Based on this approach, we calculated a grid of about 230 models (i.e. 230 different combinations of the 6 input parameters) for carbon-rich dust forming circumstellar shells (Winters et al. 2000b) . Depending on the combination of input parameters, 2 classes of wind models can be distinguished:
A) In the first class of models, radiation pressure on dust dominates the wind generation. These models produce a radiative acceleration with outflow velocities in the range of 5 km s −1 < v ∞ < ∼ 40 km s −1 . The radial structure of these models is characterized by discrete dust layers which are accelerated by radiation pressure, leading to the generation of dust induced shocks which propagate through the circumstellar shell. New dust layers are formed on timescales longer than the typical pulsation period of an AGB star. Therefore, the radial structure of the dust shell resembles itself only on a timescale of typically several pulsation periods of the star (e.g., Fleischer et al. 1992; Winters et al. 1994 Winters et al. , 1995 Fleischer et al. 1995; Höfner et al. 1995; Winters et al. 2000a) .
B) In the models of the second class dust forms, but radiation pressure alone is not sufficient to generate the outflow (α < 1 everywhere). These models produce low mass-loss rateṡ M < 3 × 10 −7 M yr −1 and simultaneously low outflow velocities, v ∞ < 5 km s −1 . The winds of this class of models are generated by an interplay between the pulsation activity of the underlying star and radiation pressure on dust. The circumstellar shell displays a rather smooth distribution of the hydrodynamic and dust quantities, the radial shell structures do not show major changes in time, but behave almost stationary.
A similar separation of the models into dynamically different regimes is also found in the case of oxygen-rich element compositions (Jeong et al. 2003a ) and will be investigated in detail in a forthcoming paper (Jeong et al. 2003b ).
In our survey we have detected 59 sources in CO(2-1) out of 65 observed objects. Among them, 10 sources have a narrow profile with a half-width at zero intensity ≤5 km s −1 and 44 sources have a profile with a halfwidth >5 km s −1 . Additionally, we find in our sample 5 sources showing composite CO profiles with a narrow component (half-width <5 km s −1 ) superimposed on a broader one (halfwidth >5 km s −1 ). The incidence of low velocity outflows in our sample is therefore 15/59 or about 25%. This shows, that our selection criterion is efficient in identifying candidates which might correspond to our B-type models. However, as noted in Sect. 4.5.3, we find in our sample also sources with large outflow velocities (e.g., π 1 Gru with v exp ∼ 15 km s −1 ) showing, that this criterion should be handled with care. On the other hand we note, that narrow components may be hidden in the broad ones (see, e.g., Fig. 7 ), so that several sources observed with a broad feature might in fact possess also a low velocity wind. Therefore, the true incidence of low velocity outflows in our sample may be under-evaluated. The identification of such candidates would require profiles with an excellent signal-tonoise ratio.
The separation between the two types of models, A and B, is most obvious in diagrams displaying the mass-loss rate (or the wind momentum ratio, see against the radiative acceleration in the dust formation zone. Unfortunately, the radiative acceleration cannot be observed directly nor can it easily be derived from observations.
More easily accessible to observations are the outflow velocities and (more indirect) the mass-loss rates carried by the stellar wind. In Fig. 25 the mass-loss rates are plotted against the outflow velocities for the objects in our sample. Here, we included the values derived from the composite line profiles, assuming two independent wind components. Part of the scatter in the data points should be due to errors in the distances, which we estimate to be accurate within a factor of 2. This factor would translate to a factor 4 in the mass-loss rates. The relation between mass-loss rates and terminal wind velocities derived here from our CO(2-1) observations can be fitted by:
with a correlation coefficient of 0.82. This fit is shown as dashed line in Figs. 25 and 26. For a velocity of 5 km s −1 , this fit to the data results in a mass-loss rate of 3.4 × 10 −7 M yr −1 , in excellent agreement with the values defining the separation between regions A and B that we found from the model calculations. However, this quantitative agreement should not be overemphasized as we have discussed in Sect. 4.4 that our mass loss rate estimates may be uncertain by a systematic factor. As depicted in Fig. 26 , both components of the double winds closely follow the fit relation derived for the whole sample. We note, however, that the values derived for R Hya seem to fall noticeably below the fit line. This may be related to an underestimation of its distance (see Sect. 4.1). Knapp et al. (1998) find a relationṀ ∝ v 2 from their sample of CO-bright AGB stars, whereas Young (1995) finds an even steeper slope ofṀ ∝ v 3.35 for a sample of optically visible Mira variables within 500 pc of the sun. Olofsson et al. (2002) obtainṀ ∝ v 1.4 for O-rich semiregular and irregular variables andṀ ∝ v 2.0 for C-rich SRs and irregular variables, very close to our result (in our present sample, we have only 2 carbon-stars).
One goal of this investigation is to check, whether we find in nature the objects corresponding to our B-type models. From the B-type models, we expect winds with low outflow velocities and low mass-loss rates. Since our models are pulsating, we also expect high (inward and outward directed) velocities (∼10 km s −1 ) in the photospheric regions, where the pulsation-generated shock waves are being damped. Therefore, for an object corresponding to a B-type model, we expect narrow profiles of those molecular lines, which are formed far from the star in the wind region and broader, possibly timedependent, profiles for photospheric emission lines. This is demonstrated in Fig. 27 , where the hydrodynamic structure of an oxygen-rich B-type wind model is plotted. The model is characterized by a stellar mass M = 1 M , luminosity L = 6500 L , stellar temperature T = 2200 K, solar element abundances, i.e. C/O = 0.5, pulsation period P = 300 d, and velocity amplitude at the inner boundary ∆v p = 5 km s −1 . This model produces a mass-loss rate of 3.1×10 −8 M yr −1 and an outflow velocity of 3.9 km s −1 (Jeong et al. 2003b ). In the photospheric layers, propagating shocks induced by the stellar pulsation dominate the hydrodynamical structure, which should be reflected, e.g., in the SiO 86 GHz maser emission. These shocks are damped out by momentum dissipation to the gas which leads to an increase of the density, allowing a small amount of dust to be formed. The radiative force exerted on the grains however does not exceed the gravitational deceleration. Still, a slow wind is driven by the combination of radiative acceleration and momentum dissipation from the shock waves. The physical conditions in the wind acceleration region should be reflected, e.g., in the 22 GHz water vapor maser line while the CO rotation lines probe the final outflow velocity.
This kind of structure was clearly found in the case of L 2 Pup (Winters et al. 2002) . In the present work, we find additional sources (notably AY Vir, but also T Ari, R Peg, RT Hya, and S CMi) which show narrow (one component) CO profiles and (much) broader SiO maser features. Also, among the 5 sources with composite CO profiles we find 4 sources (RAFGL 292, o Cet, EP Aqr, and probably SV Psc) in which the SiO maser indicates photospheric velocities in excess of the wind outflow velocities (for the 5th source, R Hya, we didn't obtain SiO maser data). Therefore, these sources match well the properties expected from the B-type wind models.
From the model calculations we find that there is a sharp transition between the B-regime and the A-regime in terms of the stellar parameters (see Winters et al. 2000b) . Thus, if a star situated in this border region undergoes a small change of its parameters, we expect that its wind may "jump" from the B-type to the A-type or vice versa. Therefore, we can expect that there exist objects which are surrounded by two (or even more) successive winds corresponding to type A and B. In our sample we have 5 sources showing composite CO radio line profiles. If these profiles are interpreted in terms of double winds, the mass-loss rates and outflow velocities derived from the narrow and the broad component are typical for our B-type and A-type models, respectively. Also, for each wind component, these values are in perfect agreement with the relation between mass-loss rate and wind velocity that we find from the "single winds" (see Fig. 26 ), a fact that again lends support to the interpretation of the composite line profiles in terms of double winds. The time a star spends in one of the two wind regimes would depend on the nature of the change in the stellar parameters. A particular example involving two very different time scales is the formation of a detached shell. In Schröder et al. (1998 Schröder et al. ( , 1999 it is demonstrated, that a high mass-loss rate episode of short duration could be caused by the increased stellar luminosity following a thermal pulse. When the hydrogenburning shell resumes its energy production, the star may for a short time surmount a critical luminosity necessary to drive a massive wind. In this case, the star experiences an excursion in the HR diagram, the wind moves from the B-regime to the A-regime. Here it rests for a short time (≈800 yr), and then falls back to the B-regime. At this stage, the star would be surrounded by a double wind: the fast, high mass-loss rate A-type wind would be followed by an inner slow, low mass-loss rate B-type wind. Should the matter that was expelled during the high mass-loss rate episode remain protected from dispersion into the interstellar medium, this wind would show up as a detached shell after some time. The prime example of such an object is the carbon star TT Cyg, which shows a remarkably spherically symmetric CO shell of thickness 2.5 arcsec, separated from the star by 35 arcsec, and expanding at a velocity of 12.6 km s −1 (Olofsson et al. 2000) . Assuming that this shell has been formed in a high mass-loss rate episode (rather than by sweeping up a fossil, low density wind), a mass-loss rate of the order of 10 −5 M yr −1 during a period of ∼500 yr would be derived (Olofsson et al. 2000) . Presently, TT Cyg shows a slow (∼3.8 km s −1 ), low mass-loss rate (∼3 × 10 −8 M yr −1 ) wind, typical for the B-type models. In fact, TT Cyg (K − L = 0.53, L − [12] = 1.27) would fit the selection criteria of our sample. However, the mass-loss rate corresponding to its detached shell is much larger than what we observe in our sample. Also, the CO profiles of TT Cyg and other objects with a detached shell (e.g., S Sct, U Ant) display a distinct double-peaked structure (see, e.g., Olofsson et al. 1993 ) which we do not find in our spectra. It may therefore be that the events which lead to the formation of clearly detectable detached shells as in the case of TT Cyg are rare (e.g., connected to the thermal pulse time scale), or are specific to carbon stars whereas the formation of multiple winds seems to be a more frequent phenomenon.
Our results suggest, that there are in fact objects corresponding to our B-type models. The models may correspond to a common stage in the evolution of AGB stars, which may have escaped attention because it is not as spectacular as the stages with high mass-loss (Ṁ > ∼ 10 −6 M yr −1 ). A large number of such objects has been brought to light by the ISOGAL survey of the Galactic Bulge (Omont et al. 1999) , where a significant population of low mass-loss rate (Ṁ ∼ 10 −8 M yr −1 ) AGB (or tip-RGB) objects has been revealed. The mass-loss rates of such objects are usually derived from a spectral modeling of their infrared energy distributions, assuming a standard wind velocity of 15 km s −1 . If these sources would have low velocity outflows (v exp < ∼ 5 km s −1 ), as is suggested by our models and also by the presence of a substantial fraction of such sources in our sample, the mass-loss rates of these objects would be over-estimated by at least a factor 3 to 5.
From the 65 sources in our sample, we have observed 39 in the 86 GHz SiO maser and detected 27 of those (15 SRs, 8 Miras, and 4 of unknown variability type), i.e. a fraction of 69%. This detection rate is comparable to the one of 61% in the Galactic Bulge for sources selected from the ISOGAL survey (Messineo et al. 2002) . Part of their sample may in fact correspond to the B-type models.
Conclusions
We have presented the results of a survey in the CO(2-1), (1-0), and in the SiO(v = 1, J = 2−1) 86 GHz maser line of a sample of 65 AGB stars, selected by their weak near-infrared excess, of which 59 have been detected in CO (2-1).
In our sample we have 10 "single wind" sources with low outflow-velocity and 5 double wind sources, where the narrow component indicates velocities less than 5 km s −1 . For sources of this type, which make up 25% of our sample, the mass-loss rate would be severely over-estimated, by assuming the standard outflow velocity of 15 km s −1 in modeling their infrared spectral energy distributions.
We find several cases with ∆v SiO > ∆v CO . Therefore, the case of L 2 Pup where the effect is spectacular (see Winters et al. 2002) is not unique. This lends support to our interpretation of the slow winds in terms of our "B-type" models. We find this situation also for the narrow component of composite CO profiles. This suggests, that these components may also be interpreted in terms of the "B-type" wind.
We found a case with a triangular shape of the CO profile which can be decomposed into 2 parabolic components (RAFGL 292). The SiO spread in this case is also larger than that of the CO narrow component. This case suggests, that there may be sources where a narrow component could be hidden in the broader one. In order to disentangle these components, high signal-to-noise observations with high velocity resolution are necessary.
We find that the velocities and mass-loss rates derived from the composite CO profiles (interpreting them in terms of two independent wind components) behave exactly as the single winds in aṀ/v exp diagram. Moreover, the simultaneous presence of broad SiO maser features and narrow CO lines is in excellent agreement with the expectations from consistent hydrodynamical model calculations for spherical winds from pulsating late-type stars. Due to the sensitivity of the wind-type on the stellar parameters in the transition region between regime A and B, the models provide a mechanism for the formation of two (or more) successive winds with very different properties (mass-loss rate and wind velocity) around the same star, caused by small variations of the stellar parameters. In our opinion, these arguments strongly support the interpretation of the composite CO line profiles in terms of successive winds, as proposed by Knapp et al. (1998) .
